Aim: hospital personnel's hands are considered as the most important way of transmission of pathogens such as methicillin-resistant Staphylococcus aureus and spore bacteria such as Clostridium. Wearing gloves correctly and in a standard way is an essential principle to prevent the surgical site infections. The present study aimed to investigate the effects of three gloves donning techniques on the contamination of operating room personnel's sterile gloves and gown. Material and Method: this research was a field trial study. 96 pairs of gloves were randomly and equally divided between three groups and three ways were determined to wear the gloves: open, closed-gloving techniques and open staff-assisted. After obtaining informed consents, three operating room personnel were selected according to the research objective and they were placed in the three groups. They were taught how to wear gloves and they were controlled in terms of wearing gloves standardly and correctly. After washing hands standardly and glitterbug powder was applied to them and the gown was worn, one of the three mentioned techniques was selected to wear the gloves by random allocation. Each techniques was repeated 32 times. One hour after surgery, the gloves and gown were taken off and contamination of them was checked by irradiation of UV and it was recorded in a related list. The data was analyzed using SPSS V.23 and performing analytical and descriptive statistical tests. Results: in the closed-gloving techniques, the mean contamination of gloves was statistically less compared to two other techniques. 
Introduction Nosocomial infections are a major problem for the health care system. According to the World Health Organization, nosocomial infections are those infections which are created within 48 hours after admission to the hospital or staying in health care centers and at the time of admission, the patient did not have it and were not even in the incubation period [1] . The prevalence of nosocomial infections is estimated from 5 to 30 percent in different countries and its rate in developing countries such as Iran, has been reported %25 [2, 3, 4] . According to the Center for Disease Control and Prevention, nearly 2 million Americans suffer from this type of infection and cost of more than $ 11 billion is imposed to the hospitals in the country and in %16 of them, resistance to antibiotics used to treat them, has been reported [5] . The contamination existing in the equipment, environment and personnel of operating room are the factors causing nosocomial infections in the patients [1] . The studied performed show the rate of microbial contamination in operating rooms from %2.5 to more than 50 percent [6, 7] . So the operating room can be a great source of nosocomial infection [8] . Surgical site infections are the most common nosocomial infection that are included as %31 of nosocomial infections in the hospitalized patients [9] . The mortality rate associated with surgical site infection is 3% and 3/4 of this amount is directly caused by the surgical site infection itself [10] . The principles of prevention of surgical site infections are defined in three before, during and after surgery. Appropriate attire for patients and staff, cutting the hair of surgical site, bowel preparation, the use of two pairs of gloves and antibiotic prophylaxis can be noted as the cases before surgery [8, 11] . In addition to them, scrubbing hands is an integral part of disinfection process but it is necessary to know that the bacteria tend to remain on the hands as much as possible even after scrubbing [12] . Hospital personnel's hands are considered as the most important way of transmission of pathogens such as methicillin-resistant Staphylococcus aureus and spore bacteria such as Clostridium difficile. Washing hands plays a key role in preventing infections. In addition to disinfecting hands, wearing gloves is an important and essential part of a multi-barrier strategy for hand hygiene [13] . Gloves act as a mechanical barrier and prevent the transmission of infection from patients to operating room personnel and vice versa, when contacting with blood, body fluids, secretions, wounds, mucous membranes, chemicals and dangerous drugs [14] . There are various techniques of wearing gloves in the operating room: open-and closed-gloving technique and open-gloving technique with assistance of scrub staff [15] . Closed-gloving technique is theoretically a gold standard of wearing gloves [16] In the open technique, there is the possibility of contamination and non-sterilization of surgical equipment and field during surgery due to randomly return of gloves cuff to back, causing contamination of equipment [12] . Surgical gown is worn on operating room clothing as a personal protective equipment to participate in the sterile surgical field. The purposes of wearing a surgical gown are to prevent transmission of contamination between operating room clothing and sterile field and to distinct sterile individuals from non-sterile ones. Gloves donning technique affects the contamination of gown [15] . The results of previous studies can be affected by individuals' skill and performance or environmental conditions and not doing some of them in the operating room (done in vitro). Control of the above was considered in the present study. The presents study has been conducted to compare the effects of three gloves donning techniques (open, closed-gloving techniques and open staff-assisted technique) on the contamination of operating room personnel's sterile gloves and gown.
Material and Method
This research was a field trial study. The objective of it was to compare the effects of three gloves donning techniques on the contamination of operating room personnel's sterile gloves and gown at Al-Zahra Hospital affiliated to Isfahan University of Medical Sciences. The samples were 96 pairs of gloves which were equally and randomly divided into three open, closedgloving techniques and open staff-assisted. Closed-gloving technique was considered as control group because it is an approved method in the literature. Inclusion criteria were sterile surgical gloves, the scrub staff should have no sensitivity to gloves without powder and glitterbug powder. Exclusion criteria were the existence of holes in the gloves and the time of surgery was less than an hour. After obtaining informed consents, three operating room personnel were selected with the criterion of having work experience of 5 years and having the knowledge of wearing gloves standardly and they were placed in the three open-, closed-gloving and open staff-assisted. They were taught how to glove and also, they were controlled in terms of gloving correctly and standardly. A pair of Ansell Gammex pf latex gloves without power was used for each test. Glitterbug powder was used as material revealing Ultraviolet (UV) and UVA light with a long wavelength (Glow bar) was used to display powder revealing UV. The sterile fabric gowns routinely provided at hospitals, were used. Glitterbug powder revealing UV was sterilized by the plasma device. The personnel were taught how to apply powder to their hands. After washing hands standardly, a personnel gets glitterbug powder from a third party who also wear sterile gloves and applies it to his hands (palms and backs of hands and between fingers) from the fingertips to the metacarpal surface and then he wears the gown. After wearing gown, one of open-, closedgloving and open staff-assisted was selected by random allocation. Each technique was repeated 32 times. In open-gloving technique, the scrub staff wears the gown and then brings out his hands from the cuff and gloves but in the closed-gloving technique, the hands are kept in the gown's cuff and the gloves are worn. In the open staff-assisted, scrub staff opens the package of gloves and helps team members in gloving. An hour after surgery, the personnel's gloves and gown were taken off by a third party who wore disposable gloves (he changed them for each time), and this was similar for all the samples (in all samples, the gloves was firstly taken off from right hand and then left hand) so that he got the edge of gloves and shoulder of gown and took off them from the personnel's hands carefully and slowly. Immediately researcher used UV lamp in a relatively dark place and put it under gloves and opposite of gown to detect contamination (glitterbug powder) on the gloves and different areas of gown (contaminated areas of gloves and gown become white after shining UV light to them). The areas of contaminated areas of gloves and gown were measured in cm (because the areas of contaminated areas were great) by ruler and recoded in check list. The data was recoded and analyzed by a person who didn't know how the personnel worn the gloves (in a blind way) in (Figure 1 ).
Figure 1: Different zones of gown
In order to determine the content validity of check list, 10 faculty members of operating room and nursing department, Nursing and Midwifery school, Isfahan University of Medical Sciences, were asked to comment on its items and then it was corrected so that its content validity would be approved. In order to estimate reliability of research tools, test-retest method was used so that in 5 cases of applying powder to hands, the number of contaminated areas was counted in the same conditions by several persons. In order to estimate the reliability of the UV lamp, glitterbug powder was applied to a 1*1 (cm 2 ) (cm 2 ) area and UVA lamp was shined on it and the area of contaminated zone was measured. After 15 minutes, UVA lamp was shined again and the area of contaminated zone was measured. According to Pearson's coefficient, its reliability was estimated 0.98, confirming high reliability. The data was analyzed using SPSS V.23 and performing analytical and descriptive statistical tests, including One-Way ANOVA, Tukey, Chi-square test, paired t-test and non-parametric Kruskal-Wallis tests.
Results
In the present study (field trial), 96 pairs of gloves used by three elective operating room personnel at the Al-Zahra Hospital in 2016, were used in order to compare the effects of three gloves donning techniques (open-, closed-gloving and open staff-assisted) on the contamination of operating room personnel's gloves and sterile gown. They were divided into three groups (in each group, n=32). Frequency distributions of participants' demographic characteristics were listed in The results showed that there were significant differences between the groups in average total distance of contamination of gloves (p-value < 0.05 ( Figure 1 ). Also, the results showed that there were significant differences between the three groups in contamination between the beginning and end of the cuff (p-value = 0.003 <0. (Figure 3) . It was observed that there were significant differences between the three groups in the contamination rate in zone 3 (Figure 6 ). It was observed that there were significant differences between the three groups in the total contamination rate in zones 1 to 4 (p-value <0.05) so that according to the results of Post Hoc test (P-value), average total contamination rate (glitterbug powder) in open-gloving technique was significantly greater compared to two other techniques (p-value <0.05) ( Table 2) . 
Discussion
The present study aimed to compare the effects of three gloves donning techniques on the contamination of operating room personnel's sterile gloves and gown. Despite efforts to reduce bacterial contamination, such as the use of ultra-clean air and good ventilation systems, there is a need to seek other solutions. Transmission of microorganism through the hands can be considered as an important factor. Since hospital personnel's hands are considered as the most important way of transmission of pathogens such as methicillin-resistant Staphylococcus aureus and spore bacteria such as Clostridium and the bacteria tend to remain on the hands as much as possible even after scrubbing, a standard gloving technique should be selected to reduce the transmission of contamination to surgical field and surgical wounds [16] . The present study showed that gloving techniques are not similar and the rate of contamination indirectly transmitted from operating room personnel's hand skin to the gloves and gown and consequently surgical wound can be different.
The results of the present study showed that there were significant differences between the three studied groups in terms of average total distance of contamination (p-value < 0. This result is consistent with the results of the present study. It can be due to that in closed-gloving technique, the scrub staff's hands are kept in gown but in open-gloving technique, the fingers touch the glove cuff and during the return of glove cuff to back (Unintentionally), it can contaminate other parts of the glove and the surgical field. Also, it was observed that, there were significant differences between the three groups in the total contamination rate in zones 1 to 4 (p-value <0.05) so that according to the results of Post Hoc test (P-value), average total contamination rate (glitterbug powder) in open-gloving technique was significantly greater compared to two other techniques (p-value <0.05). The results of a study by Newman et al. showed that the rate of contamination in open-gloving method was greater compared to closed-gloving and open gloving with assistance of scrub staff techniques (8 parts vs. 4parts) and it is consistent with the result of the present study. But in their study, it was noted that in closed-gloving with assistance of scrub staff technique, there was no contamination and contamination rate in it was less compared to closed-gloving technique (0 part vs. 4 part). This result is inconsistent with the result of the present study. It can be due to the use of closed-gloving with assistance of scrub staff technique instead of open-gloving with assistance of scrub staff technique. Jones et al. reported that closed-gloving with assistance of scrub staff technique is more preferable than open staff-assisted (12) and in the present study, closed-gloving with assistance of scrub staff technique was not studied and there are a little research on it and it is recommended to study on it.
Existence of a few studies on this topic and limited number of samples can be noted as the limitation of present study, leading to caution in generalizing the results.
Conclusion
Since not gloving correctly and standardly can lead to transmission of infection to the patient, increased cost of treatment, complications and increased mortality, it is recommended that the policy and protocol of wearing gloves with open staff-assisted and closed-gloving technique are emphasized in order to reduce contamination more by operating room personnel. Also, more research is needed in this area.
